The first reference in a text-book was in 1930," the authors supporting the view of impurities in the ether as the cause. From 1930 onwards both in this country and U.S.A. references to this occurrence became much more frequent/ In 1931 Hadfield 8 noted the association of youth, sepsis and hot weather, and that convulsions began usually in the face. In 1935 Nosworthy" called attention to Kemp's view of alkalosis as the cause. He agreed that hot weather was important.
The concern felt regarding the occurrence of these convulsions and their cause is shown by the fact that they formed the subject of an " off the record'' discussion in 1935 by the New York Academy of Anaesthetists 10 and were discussed for a second time by the Anaesthetic Section of the Royal Society of Medicine in 1942."
In 1937 Lundy" pointed out that far from there being any general agreement as to the cause, thirty-three separate agents had been blamed; but as evidence accumulated it became less possible to believe in any single cause and a theory of the combined action of several factors arose.
Pask 11 expounded this view and suggested that youth, infection, loss of power to regulate body temperature, low blood calcium level, ketosis and apprehension should be regarded as predisposing factors, whilst increased CO 3 tension, anoxia, overheating, surgical trauma, respiratory obstruction, hyperpyrexia, and cerebral engorgement all appeared to be immediate exciting stimuli; nerve block and the preoperative use of morphia or the barbiturates he regarded as inhibiting factors.
This view appears to be gaining ground since in recent text-books both Minnitt and Giles 15 and Hewer 14 lend support to it; with emphasis, however, on different factors. Flagg," however, in U.S.A. attributes the convulsions to a neurotoxin or to hyper-ventilation.
In 1944 Williams and Sweet" suggested that the condition was due to cerebral excitability and supported their view with electroencephalogram findings in 22 people with a history of anaesthetic convulsions, of whom only 6 gave normal readings. They compared these results with (a) 275 idiopathic epileptics, giving 25 per cent normal and 75 per cent abnormal readings, and (6) 241 normal persons giving 87 per cent normal and 12 per cent abnormal readings.
A third view was advanced by Rosenow and Tovell 1 ' in 1936 that these convulsions were due to the effect of a neurotoxin developed from a streptococcus present in the patient's throat. Further work has been done in support of this view at the Mayo Clinic.
Rosenow and his fellow workers 18 state that a definite strain of streptococcus viridans can be cultivated from the throats of patients who have recently had anaesthetic convulsions and that cultures of this injected into rabbits or guinea pigs cause spasms or convulsions in these animals in 88 per cent of cases either spontaneously or when anaesthetized, as against [13] [14] [15] [16] [17] per cent of animals injected with cultures from the throats of non-convulsive patients.
Prior to going to Libya in 1942 my only experience of convulsive cases was one of localized facial twitchings, but during five months there in the hot weather I saw 4 cases of facial twitchings and 1 fatal case of generalized convulsions in 620 general anaesthetics, in striking contrast to my previous experience of 1 case of facial twitchings in over 23,000 general anaesthetics administered in temperate climates.
In my iirst case, an 11 year old boy with acute appendicitis and high initial temperature (103.6°F.) twitchings of the right side of the face preceded by slight frothings at the lips occurred after about 40 minutes. The anaesthetic (ether) was stopped and the closure of the abdomen, already begun, completed without further anaesthesia. The twitchings ceased after about a minute and did not recur. The theatre, although the day was cold, was hot and steamy.
My second and only fatal case was a young officer, aged 24, operated upon 3 days after the onset of a pyrexial illness; his pre-operative temperature, taken in the ward, was 103.o°F., and he appeared to be decidedly ill, having in fact developed portal pyaemia following acute appendicitis. I administered gas, oxygen, and ether without incident for half and hour, but when the peritoneum was about to be closed the patient was sweating profusely, his pulse rapid, and his breathing rapid and noisy, apparently owing to slight laryngeal spasm. Increase in the strength of the ether vapour improved the relaxation, but noisy breathing continued and twitching of the face appeared. Ether was stopped and the twitching of the face ceased, but breathing and pulse remained as before.
Unfortunately relaxation was still insufficient and ether was resumed, followed in 2 minutes by facial twitchings and movements of the right arm and leg. These movements rapidly developed into generalized convulsions and in less than 10 minutes (and before he could be secured sufficiently to try the effect of intravenous pentothal) the patient's heart stopped beating and all efforts at resuscitation failed.
Impressed by the association of high operating room temperature and humidity in these two cases, I decided to observe whether in our hot and not well-ventilated operating theatre patients did become overheated during the course of a long operation and whether muscular twitchings or convulsions were associated. For the next 6 months (i.e., until the weather became cooler) axillary temperatures were taken at the end of induction whenever the operation promised to last an hour. All 17 cases so observed showed at the end of 1 hour a rise in temperature varying from i.2°F. to 2.8T., though the majority grouped between i.6°F. and 2.6°F. (See Table I.) Among these 17, 3 showed facial twitchings and are included in my list of convulsive cases (see Table II .). These twitchings were treated as a danger signal, the anaesthetic was stopped, ice when available was applied to the neck while attempts were made to improve the ventilation of the patient's body all over.
When I began this investigation I had not read Brennan's" work on the rise of temperature found in normal adults during a Turkish bath and the effect of atropine on the rate of temperature rise, so that I did not at first appreciate that a definite rise in temperature in half an hour would be the rule rather than the exception.
Later I observed 8 cases of acute appendicitis, all pyrexial at the beginning of operation, show a rise of temperature in half an hour from 4°F. to i.2°F.; one of them, with a rise of temperature from 102.6° to 103.6 0 , had facial twitching, being the third case on my list.
The impression gained from these findings was that a rapid rise in temperature as measured in the axilla of an anaesthetized patient could easily occur, especially if the patient's temperature was raised at the beginning of the operation, and this rise brought him dangerously near the state at which he was liable to develop a fast pulse of poor volume and facial twitchings or even generalized convulsions.
I next endeavoured to collect from the literature evidence for or against the above view; the material was obtained from 144 cases collected by Lundy," 12 reported by Ray and Marshall, 20 8 reported by Coryllos and Bass," 62 I found in 
Cases in my Own
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Group-See Table IV. separate reports, which, together with my own 6 cases, amounted to 232 in all. There were 46 in which death appeared to follow directly from the fits (the criterion, necessarily arbitrary, being the failure of the patient to return to consciousness between the onset of the convulsions and his subsequent death), giving a mortality rate of 20 per cent. Unfortunately, of the cases reported by Lundy, only the 31 fatal cases contained detail sufficient for the purpose of my investigation; Coryllos and Bass too supplied no details as to pyrexia in their 8 reported cases (which include three deaths). I found, however, that my 6 cases, the 12 reported by Ray and Marshall, and the 62 I had collected from the literature, could be classed as follows: (A) Those in which there was positive proof of considerable pyrexia, e.g., the patient's temperature was IO3°F. or more at the beginning of operation and usually a post-operative reading of high temperature was obtained; 24 cases. (B) Those with some degree of raised temperature at the beginning but no subsequent record obtained, although temperature of the theatre was often reported at 7 5 T . or higher; 28 cases. (C) Those with insufficient information for an opinion to be formed as to whether the patient's temperature was raised before, during or after the operation; 24 cases. (D) Those in which no record of temperature was given and the operation appeared to have been performed upon an apyrexial patient under normal conditions of temperate climates; 12 cases. (See Table IV .)
The 46 fatal cases I have considered were made up as follows:-31 were collected by Lundy, 14 extracted from the original reports, and the remaining 1 was my own. Thirty-four of these fatal cases are definitely stated to have had raised temperatures before going to the theatre, 8 of them had high temperatures, whilst 6 of them had rectal temperatures of 105°F. or upwards between the onset of convulsions and subsequent death.
Three fatal thoracoplasty cases reported by Coryllos and Bass have had to be placed in Group C, as have 6 of Lundy's, as no report is given of their temperatures; while 3 fatal cases of Lundy's, a ruptured vena cava, a case of glands in the neck and an " interval appendix " have had to be placed in Group D as there would not appear to be any justification for believing that any of these 3 had a raised temperature at the beginning of the operation. This is very far from proving that the patients were apyrexial since their temperatures were never taken in the theatre and may not have been taken in the ward for some hours; I have not infrequently (especially in Libya) found a raised temperature after induction, although the last ward reading was normal.
Thus of the 88 cases where records are reasonably full, 52 were definitely pyrexial in some degree and 12 are presumed to have been apyrexial though not proved so, while of the remaining 24 we do not possess evidence enough to come to any positive opinion; of the 46 fatal cases, 34 were definitely pyrexial, ^ are presumed to be apyrexial, and the remaining 9 must be classed as unknown.
The arguments advanced against heat being an important factor are of little weight since none of the writers appear to have kept any temperature records during anaesthesia.
Hamilton Bailey" states that heat cannot be the cause since a case he observed occurred in winter on an exceptionally cold day; but patients frequently maintain temperatures of IO3°F. and upwards in winter in the public wards of a hospital, so there is nothing impossible about their temperatures rising to greater heights in a heated and more humid operating theatre.
Hewer" objects on the grounds that "the anaesthetized patient tends to lose heat", and " the high temperature often recorded after the fit is probably the result of the fit ".
On the other hand, heat has been recognized by many observers as being frequently associated with these convulsions; Pinson, 4 McKensie, 7 Payne, 7 Hadfield, 8 Brennan," and Diokson Wright 23 appreciated this close association but produced no evidence to show whether pyrexia developed before or after the onset of convulsions.
No observers, until very recent times, reporting a case of anaesthetic convulsions appear to have recorded the patient's temperature except Ray and Marshall 20 in one instance, who observed that the ninth case in their series (a fatal one) had an axillary tmperature of io6°F., i£ hours after the beginning of the operation, the convulsions being 45 minutes later.
To revert to the 3 mutually exclusive views now held as to the cause of anaesthetic convulsions; of these the multiple cause hypothesis is almost impossible to prove or disprove, so can only be adopted when all other views have been abandoned.
The cerebral excitability view is often open to objection since its supporters do not produce pre-operative electroencephalograph readings of their convulsive patients nor post-operative readings of non-convulsive persons; their attempt to explain the high mortality figures is unconvincing, and they make no attempt to explain why idiopathic epileptics nearly always have their attacks during induction, while the more serious convulsions tend to occur nearly an hour afterwards. The absence of any grouping suggestive of an occasional epidemic is a weak point in the case for the neurotoxin theory, as is the rapidity of onset of the toxic effect, and the high incidence of convulsions and spasms among the control animals in the experiments, suggesting that cultures of nonpathogenic organisms from the human throat can cause muscular spasms in inoculated animals.
The supporters of these views make no attempt to answer the question raised by Hadfield at the Royal Society of Medicine discussion in 1928 " Why was this condition practically never heard of before 1926 ? "
On the other hand, if my view is the correct one, then since 1926 a new factor tending to raise the patient's temperature must have come into common use in operating theatres or an old one used with greater intensity.
Kelvin, Bottomley and Baird Ltd. inform me that they have been supplying shadowless lamps to operating theatres since 1925, and the Dunlop Rubber Company that they have been supplying sorbo-rubber operating table covers for many years, in fact by 1933 their trade in these articles was "extensive." Both these fittings fulfil the conditions laid down in the previous paragraph in that they came into general use less than 20 years ago and both tend to raise a patient's temperature in a warm operating theatre, the one by directly heating him, the other by reducing his loss of heat through conduction to the metal operating table.
In conclusion, no other hypothesis explains why "this condition was practically never heard of before 1926", whereas my suggestion does, and is given increased support by these facts, since an increase in the number of factors tending to overheat the patient should produce an increase in the number of cases of anaesthetic convulsions, if heat is the essential factor in the production of anaesthetic convulsions.
